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ABSTRACT 
In the Denver Metropolitan Region, with its ever-growing population, urban development is 
encroaching on agricultural land. This increased demand for land threatens the survival of many 
agricultural facilities, including horse facilities. New housing construction and a larger population 
mean an increase in water consumption. Access and distribution of water is global issue and due to 
the increasing demand for water in urban areas, it is important that we find ways to conserve water 
and preserve water quality. Looking specifically in the United States, agriculture is one of the main 
uses of water, so conservation and preservation of water in agriculture is an important step for the 
future of water as a resource. My thesis includes an analysis of traditional, modern, and developing 
water management techniques in agriculture and more specifically, horse properties. By looking at 
water management and re-use on horse facilities, I found issues with water sources, drainage, waste 
management, and water law. My proposed comprehensive water management plan focuses on re-use 
and water quality. My project and the application of my design in the greater context of agriculture 
and water resource management is a step towards improving water quality and making advances in 
water use in agriculture.   
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I.  PREFACE 
I am very familiar with horse properties, as I grew up riding horses since the age of four. We 
not only had horses on our farm, but later I boarded my horses at a wide variety of facilities, both in 
central Pennsylvania and in the Colorado Front Range. This experience has allowed me to observe 
many different types of horse facilities, and each varies in its management, treatment of animals, use 
of land, and resource management. As part of my horseback riding experiences, I participated in an 
organization called the United States Pony Club, which stresses horse knowledge, safety, and care. 
Studying these topics from a young age through high school, I have acquired a great deal of 
knowledge about what horses need and the interaction of humans and horses. As I moved into my 
studies in Environmental Design, my interest in sustainability plus my interest in hydrology and 
water management from my geography courses have inspired me to combine my passions into this 
thesis project.   
 
II.  INTRODUCTION 
Horse properties are an integral part of the fabric of the American landscape. From large 
ranches to a few horses in the backyard to large scale boarding and training facilities, horse 
properties are a prominent element of the United States’ identity. When the nation was growing, 
acquiring land for horses was simple, due the abundance of open lands. Now, with the growing 
population, land prices are increasing tremendously. Areas that were once desirable for agriculture 
are now under pressure to be developed to meet the demands for growth. Cities are expanding both 
upward and outward. New houses and towns are encroaching on agricultural land, which threatens 
the survival of many agricultural facilities, including horse facilities. New construction and larger 
population means more water consumption.  
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In this thesis, horse properties will serve as a relatively small-scale agricultural facility to 
address water management and re-use. Looking at current practices of water use and solving issues 
with water management on horse properties will ideally support efficient water use and help 
preserve horse properties.  Through interviews and exploration of best practices of water 
management on horse properties, this thesis provides a progressive approach to horse property 
design. How can we design a model horse property using best practices of water management and 
re-use in order to support both the future of horse properties and water as a resource? 
Agriculture is one of the leading uses of water in the world.1 Agriculture uses 70% of world’s 
freshwater.2 Much of this water is used for irrigation.3 Besides sheer quantity of water that 
agriculture uses, poor management practices cause water contamination and land degradation.4 
Overgrazing of livestock on riparian areas has degraded stream quality. Effects include vegetation 
loss, bank erosion, sediment increase, degradation of fish habitat, and lowering of the water table.5 
In the Western United States, where climates are dryer, riparian areas are crucial to the ecosystem 
because they often have higher density and diversity of species than upland areas.6 Protecting and 
repairing these riparian areas and improvement of agricultural water management is necessary for 
sustainable agriculture. 
I am interested in finding ways to reduce water consumption in agriculture with water re-use 
methods, while simultaneously improving water quality management on agricultural facilities.  Since 
I have in-depth knowledge about horse health and safety, I chose to pursue a project focused on 
horse facilities. I have combined my knowledge of horses with research on water management 
techniques to create a comprehensive design of water use and re-use on an example site.  The foci of 
this project included, 1) efficient water use including water re-use, and 2) water management to 
improve quality of water released after use on horse properties.  
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My research on water management practices in agriculture and horse properties along with 
actual interviews and observations on properties in the Colorado Front Range area have allowed me 
to develop a new alternative to traditional and current methods of water management in order to 
improve the future of water use on horse properties and possibly, water use in agriculture overall.  
My focus is on re-use methods, filtration, and release water quality to help solve consumption and 
pollution issues. My comprehensive water management plan developed for my site includes an 
overall master plan, details of specialized water systems, and a water flow master plan. My design 
covers topics of water sources, natural and artificial drainage, variable precipitation, carrying 
capacity, irrigation, biofiltration, and water law.  
 
III. BACKGROUND 
Water, which was once taken for granted or as a given, is now considered a “resource,” and 
is looked at more like oil or other natural resources. Water is now often regulated in many places, 
meaning you can buy water rights and/or buy water from a regulated source.  For example, 
residences or facilities connected to city water in the United States pay the city monthly for their 
share of water consumption. Aspects of water management include buying rights, grandfathered 
rights, capitalization on a water source, and overall competition in the water industry in order to 
benefit one shareholder rather than distributing water among users. Specifically in Colorado, due to 
its semi-arid climate, water availability is low, which creates water issues that would not happen in 
wetter climates, such as the Northeastern United States. Many even drier climates such as Utah and 
Nevada rely on water supply from Colorado. This means that water management practices in 
Colorado affect not only downstream uses in Colorado but also water supply into other states.  
Knowing that water is a valuable and stressed resource, conservation, management, and 
attention to quality are all very important, especially in drier climates such as Colorado. Agriculture, 
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due to its overall consumption, is a key area to look at strategies to improve effective water use and 
implement re-use techniques where appropriate. However, the goal of my thesis is not to take water 
away from or place restrictions on water use on horse properties. I love horses and want horse 
properties to thrive within the context of growing population. Horse properties often struggle to 
survive because of rapid city expansion and the reduction of rural areas.  Urban sprawl, because of 
its environmental impacts, is a large issue in design, that affects the future of horse properties, 
especially from a water standpoint. Where is the water coming from to serve all these new people? 
Urban areas will be drawing water from surrounding areas, threatening water availability to 
surrounding horse properties. 
Water law and water rights affect water use on horse properties. There are many restrictions 
regarding water management, such as limits on rainwater collection and greywater re-use, that can 
hinder the success of efficient water use on horse properties.  My research looks at the major issues 
regarding water law, in specifically in Colorado, that restrict horse properties from using water to its 
highest potential.   
Whiles many horse properties may not use a large amount of water compared to many other 
agricultural or industry facilities, their water consumption can be looked at as a smaller scale example 
on best practices of water management.  It makes sense to test and analyze issues and solutions of 
water management on a smaller group of properties before addressing larger scale issues.  Best 
practices at this scale could be applied to both smaller scales, such as individual small family farms, 
and to a larger agricultural scale, such as feedlots and crop production.   
 
IV.  WATER MANAGEMENT  
As population increases and the concentration of population moves to urban areas, rural 
areas are threatened by expansion and resource availability. Horse properties are a type of rural 
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property that face these threats, especially because they are a recreational facility rather than a food 
source. In order for the survival and success of horse properties in the context of encroachment on 
rural areas by urban development and our need to more efficiently use our natural resources, actions 
must be taken to insure their share of land and resources. Besides sheer land limitations, water as a 
resource, is a major problem in agriculture and more specifically horse properties.  
 Water in the Colorado Front Range region is currently a scarce resource, as the climate is 
semi-arid. This makes water for agriculture and horse properties naturally more limited. Horse 
properties are part of the water system and as population and water scarcity increase, proper water 
management becomes more important on horse properties. Some of the issues regarding water 
management include water stress, water in agriculture, riparian area degradation, and irrigation.  
 
Water Stress 
Humans account for only 10% of the overall global water supply usage annually, with the 
distribution of water being the primary issue, creating water scarcity in certain areas7. Sometimes 
communities suffer because of other communities’ water usage, such as a body of water tapped for 
industrial use or communities displaced due to the land and infrastructure needed for new dams8. 
Distribution and unequal access to water has always been a global issue, but these issues of water 
stress have become more complicated. ““Water stress” refers to the ability, or lack thereof, to meet 
human and ecological demand for water…It considers several physical aspects related to water 
resources, including water scarcity, but also water quality, environmental flows, and the accessibility 
of water.”9 Due to the semi-arid climate in the Colorado Front Range region, water stress is a major 
issue that affects the rural agricultural areas on the region.  
According to the Comprehensive Assessment of Water Management in Agriculture, the 
issue is not a lack of water currently to sustain food production, but that the methods of 
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consumption, production, and environmental factors will create major water issues if not changed.10 
Water stress is increasing due to increasing population, which causes an increase in water use for 
drinking, household functions, industrial production. Climate change has also caused some water 
levels to decrease.11 Overall, climate change will cause water availability to be greater, but effects will 
vary in different parts of the world.12 Ultimately, climate change is a major factor in water 
management as precipitation patterns change. More importantly, reduced rainfall in semi-arid and 
arid areas has been the trend.13 This means that “water is the major limiting resource in semi-arid 
and arid regions of the world.”14 Although the majority of water stressed basins are in Africa and 
South Asia,15 the Colorado River basin is ranked 14th in the world of the highest ratio of water 
withdrawal to renewable supply.16 This means that the Colorado Front Range region is already under 
major water stress and with trends continuing as they are, water scarcity is only going to worsen 
unless something changes.  
 
Water Management in Agriculture 
Though water is our “most valuable natural resource,”17 past and current management 
strategies of agricultural facilities have neglected water quality and conservation. Instead, practices 
have polluted the water, causing significant harm to the water systems and ecology.18 Current use of 
aquifer water is not sustainable and will deplete these resources almost entirely in the near future if 
we do not make changes in water management.19 The Comprehensive Assessment of Water 
Management in Agriculture brings together 700 people with different perspectives to find solutions 
and better options for the future agriculture. One conclusion found that there are many effects on 
the ecosystem from agricultural water use and came up with water management suggestions for 
practice in agriculture. The five main suggestions for future water management are: 
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“More water storage 
Re-establishing water allocations 
Mitigating effects upstream that harm downstream 
Equity 
Think and acting for the future.”20 
Re-establishing water allocations and equity are out of the scope of this project, but I will address 
water storage, release water quality, and a futuristic approach.  
 
Water and Horse Properties 
Water management specific to horse properties has had very little research to date. There are 
two main aspects that need to be addressed: first, water amount and quality supplied to the horse 
property; second, water release and nutrient contamination. The Colorado Front Range area 
population is increasing rapidly and the majority of this increase is in urban areas, such as Denver, 
Colorado. The water demands of these urban areas will continue to increase with the population, 
creating a shift in water use from rural to urban.21 In rural areas, this shift is lowering the water table, 
drying wells, tightening water rights, and raising water prices. Water management techniques in these 
rural areas must improve to maximize the water supply as well as demonstrate their ability to 
improve the quality of released water.  
Environmental impacts of horse properties on the water system must also be considered. In 
many cases, “horse paddocks can be substantial sources of water pollution.”22 Livestock, including 
horses, also compact the soil around riparian areas, increasing nutrient runoff, and damage or 
remove vegetation, which is critical for healthy water sources.23  Bank degradation and erosion 
causes an increase in sediments and loss of shade, which both harm fish populations, specifically 
trout and other salmonoids.24 Vegetation is important in riparian areas because it reduces erosion, 
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helps limit damage during floods, filters sediment, and stabilizes banks.25 The best practice to protect 
riparian areas from horses and other livestock is to fence off these areas, but another option is 
designated stock crossings, which allow a certain access point to be stabilized to limit the impacts of 
horses on the steam.26 If livestock are not separated completely from riparian areas, other options 
include lowering livestock use or designating these areas for special types of animals that do not 
impact the riparian areas as much as horses or cattle.27 Improving water management on horse 
properties will set an example for best practices of water management on horse properties as well as 
positively influence the future of horse properties.  
 
Improvements in Water Management 
One economical approach to water management involves raising prices in order to lower 
demand. A water saving model in the European Union determined that high water charges reduce 
water use.28 Naturally, as water demand increases, pumping prices increase. Kovacs et al.29 suggest 
looking at both levels of water and water quality with economic models. Finding balance between 
economic agricultural gains versus “environmental pressures” is key to the future of water 
management in agriculture.30 
Hayashi et al.31 suggest that crop types (e.g. hay or alfalfa on horse properties) and planting 
times for specific climates can maximize crop benefits and efficient water use. Additionally, 
irrigation efficiency should be increased by five percent, and then, if issues still arise, reclamation 
water use should increase by twenty percent. Increase in “reclamation water,” wastewater that has 
been treated for reuse, is probably necessary with population increase, especially in urban areas.32   
Collecting and storing surface water is very important in semi-arid and arid climates.33 Tied-
ridging, “films of hexadeconal,” “asphalt moisture barriers,” and “drip irrigation systems” all are 
methods that prevent evaporation and allow infiltration of surface water.34 A “sub-surface desert 
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water harvester,” consisting of an underground storage tank system that collects precipitation during 
the year and supplements water for the dry months, can be modified to conditions, and requires 
little to no maintenance.35 
New technologies and research have allowed for alternative and more environmentally 
friendly options for water management. Biological treatment of wastewater has become a focus in 
research because the degradation process can happen on site, there is usually no secondary pollution, 
and “they are cost-effective.”36 Methods of biological treatment include biosporption, 
bioaccumulation, and phytoremediation, each involving a type of cell or plant put into the 
wastewater to absorb or disintegrate toxins.37 Another method in progress is solar photocatalytic 
treatment of wastewater, which involves a compound put into wastewater which reacts with the 
pollutants and toxins to disintegrate them. One problem with this method is that sometimes the 
process of breaking down the pollutants will create other toxins in the process of breaking down, so 
more research still needs to be conducted.  
 
V.  COLORADO WATER LAW 
The Colorado Division of Water Resources, under Dick Wolfe, State Engineer, produced a 
“Synopsis of Colorado Water Law” by Joseph Grantham in 2011. The synopsis provides an 
overview of the water laws in Colorado and highlights which sections of the Colorado Revised 
Statutes (CRS) to find more in-depth information on certain topics.38  
Colorado’s climate is semi-arid and most of the precipitation that falls is snow, which is 
concentrated in the mountains during the winter. In the spring, this snow melts and an excess of 
water flows down from the mountains, often causing flooding. Originally, farms were mainly built 
near streams so they would have access to water, but as settlement increased, canals were built and 
stream water was pumped out to land without natural water running through.39 
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 As more people moved to Colorado, water had to be managed systematically. Colorado 
adapted the system of “prior appropriation,”40 or “first in time, first in right.”41 Based on when in 
history water rights were obtained, an order of seniority is used to determine who gets access to 
water first from a collective source. This means that the first person must be satisfied before the 
second person can take any water from the source, and so on down the line.  
Denver Basin water is “governed by the Colorado Revised Statutes, the Denver Basin Rules 
and Regulations and the Statewide Nontributary Rules and Regulations.”42 An “absolute water right” 
is the right to divert and use water by law. Water rights can be changed like property rights, via 
selling, moving, purchasing, but can not hinder others’ access to their allocated water rights. The 
Ground Water Commission must approve permits for high capacity wells. Small capacity well 
permits, used for residential and small farms, are issued by the State Engineer and not controlled by 
the Colorado Ground Water Commission. The local ground water management district is in charge 
of regulations for small capacity wells. The Division Engineer must be given notice before water 
from reservoirs is released into the stream system. 
 
Wells 
Wells are one of the main sources of water in Colorado and a way to draw ground water for 
use. A well is defined as “any structure or device used for the purpose or with the effect of obtaining 
ground water for beneficial use from an aquifer.”43 Under law, the term “well” can also be sand or 
gravel pits that go down to below the water table. Tributary ground water, underground connections 
to a stream system, must also be considered and drawing water from these sources must be 
approved by court.  
Small capacity wells are defined as wells that “do not exceed fifty gallons per minute and 
used for no more than three single-family dwellings” or “do not exceed fifty gallons per minute for 
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watering of livestock on range or pasture.”44 The annual volume cannot exceed five acre-feet, an 
acre-foot meaning the volume of water with a height of one foot over one acre. Wells can be 
exempt, meaning the State Engineer has reduced duties, if less than fifteen gallons per minute are 
needed for household and livestock and animal use and less than one acre is irrigated or if they use 
less than fifty gallons per minute and were established before May 22, 1971.45 
 
Ditches 
Ditches are another water source. Property owners of ditches must prevent waste in the 
ditch and are responsible for keeping embankments in good condition. The designated 
superintendent of the ditch companies must manage water measurements in the ditch and no one 
can take more water than they are allowed from the ditch or they will be fined. Property owners 
must protect the water ordered by shareholders, known as ditch head, if the ditch contains water at 
least one foot deep, two feet wide, and is located within the boundary of a city with seventy 
thousand people.46 
 
Restrictions 
The “Livestock Water Tank Act of Colorado” governs farms in Colorado. The maximum 
capacity of water tanks cannot exceed ten acre-feet and the channel cannot be taller than fifteen feet. 
The tank cannot be used for irrigation but owners can apply to build a dam for retention purposes.47  
Rainwater harvesting is one method of collection that is restricted in Colorado. By using 
rainwater to replace some of the functions that would usually use municipal or well water, rainwater 
harvesting “conserves municipal and well water.”48 Colorado water law is one of the most restrictive. 
Normally, water that flows onto a site, including rainwater, drains off and into the water system. 
This water, under Colorado Law, is not the property owner’s water, but is allocated to downstream 
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users. This means that rainwater harvesting cannot reduce the flow of water to another user. 
Rainwater in most of Colorado cannot be diverted for use unless there is an exception due to “a 
very old water right” or rare water surplus. The law is in place in order to make it possible for people 
to get their allocated water. Collecting rainwater is ONLY legal if: 
“1. The property on which the collection takes place is residential property;  
2. The landowner uses a well, or is legally entitled to a well, for the water supply;  
3. The well is permitted for domestic uses according to Section 37-92-602, C.R.S., or Section 
37-90-105, C.R.S. (generally, this means the permit number will be five or six digits with no 
“-F” suffix at the end);  
4. There is no water supply available in the area from a municipality or water district;  
5. The rainwater is collected only from the roof of a building that is used primarily as a 
residence; and  
6. The water is used only for those uses that are allowed by, and identified on, the well 
permit.”49 
This means that a single residential property, including horse properties with one residence, 
can harvest rainwater if the property is not connected to a municipal water source (e.g. only sources 
are well and irrigation ditches) and the uses of the rainwater only follow the allowed uses on the well 
permit.  
 
Graywater Reuse 
As defined by the division of water resources in Colorado, “gray water is the water that has 
been used one or more times by a water user and does not include black water, that is, water from 
toilet use.”50 In Colorado, water users are required to obtain approval from the government and the 
water provider to reuse graywater. Using well systems, graywater can be used for purposes that 
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simply recycle water and use it for purposes that would normally be using well water, such as toilet 
flushing. Another use is for purposes that were not originally drawn from the well but that could use 
the graywater, such as irrigation, but only if the well permit allows for those uses. The restriction is 
that return flow rates of water into the land and water system must be considered, so graywater 
reuse may be restricted for this reason. With municipal water, graywater reuse is not regulated.51  
 Overall, Colorado water law is a major factor in water management because of the uneven 
precipitation over the year and the low water levels due to the semi-arid climate. There is possibility 
for rainwater harvesting and graywater reuse, but restrictions are currently in place. Tradition and 
history of Colorado water law have defined the current laws today, which may need to be re-
evaluated as resources, such as water, become more scarce.  
 
VI.  DESIGN OF HORSE PROPERTIES 
For a long time, horse property owners would build their own barns and decide the layout of 
their land. Many times horse properties are not built from scratch either. A horse owner may buy a 
property that has an old barn on it and refurbish it to meet his or her needs. Over time, companies 
that produce prefabricated buildings that can be put up on properties became an easy option for 
horse owners. As larger horse facilities for boarding and competitions became more popular, more 
thought was put into the design of horse properties and structures. More recently, design specialists 
such as architects and/or horse specialists have appeared in the industry. With more complex horse 
facilities, designs must be more thought out, so horse owners have looked to designers to help them 
create safe, practical, and efficient facilities. Additionally, as land becomes more expensive and space 
becomes limited, more strategic planning must be used to accommodate all the needs of a horse 
facility on limited land. There are some vernacular and traditional kinds of designs for horse 
properties, as well as new design firms specializing in horse properties, and management techniques 
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or specifications for horse properties that must be understood for the future of horse property 
design.  
Many horse owners post on blogs or publish articles or books about horse management and 
facility design. Many of these types of post are opinion based, but can be looked at as alternatives or 
options for design strategies. Topics that are recommended to consider include zoning, irrigation, 
water rights, setbacks, septic systems, soil conditions, right of ways, drainage, safe fencing, shelters, 
water, hay storage, trailer space and storage, manure storage, and riding areas.52 Though many 
sources are available on recommendations for horse property design, only certain aspects are 
reviewed in this thesis, as the focus is on water management.  
 
Issues 
Thomas Croce, an architect and horseman addresses the issue of air quality and how 
important it is to horse and human health in stables.53 Horses are affected by dust much like 
humans, in that they are more likely to get sick, infected, or have other health issues if living in a 
dusty environment. “Storing both bedding and hay in a separate facility” are two ways to reduce dust 
in the barn. Reducing ammonia contamination from manure and urine by regular cleaning and 
management greatly reduce health risks to humans and horses. Ventilation is very beneficial to air 
quality, but limiting draughts is very important for the horses’ comfort as well.54   
One blogger posts that topography must be considered in property selection or design on an 
existing property to account for drainage and/or erosion. Soil quality is an important aspect to look 
consider as well. Though sun and wind may be taken into consideration, sometimes topography 
takes priority.55  
Another topic was that road entrances should be considered from the perspective of horse 
trailer hauling, as there must be clear visibility, areas to turn around, good traction, etc.56  
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Designers 
Designers that have a specialization in horse property design offer strategies from a design 
perspective and have design training, though many of them also have significant knowledge and 
experience with horses. Based in Portland, Oregon, Equestrian Facility Design provides professional 
residential and equestrian property design. The process includes feasibility studies, site research, site 
planning, site layout, grading and drainage design, and landscape design. Their website includes 
project examples of training, breeding, show, and veterinary facilities as well as private stables and 
barns and equestrian communities.57  
Thomas L. Croce Architects is another company specializing in equine facility master 
planning.  Croce is an equestrian himself and is a certified architect. He combines his knowledge of 
horses and humans in space to create successful “horse friendly” environments.58 His process 
includes research, goal setting, planning, “concept development,” construction documents and 
procedures. Thomas L. Croce shows that he understands the reason for stables, as naturally horses 
do not need built structures to protect them, but with human use and competition uses for horses, 
stables become necessary for protection and safety. Other aspects important to consider are dryness, 
warmth, drainage, lighting, daylighting, water supply, zoning, ground quality, orientation, and fire 
resistant construction.59 Croce’s website includes his determined general requirements for stables, 
stall layout general information, and summaries of accessory spaces. Five example projects are 
included on the website as well as links to recommended websites. 
A company called, Stable Wise,60 specializes in “Horse Farm Planning.” On their home page, 
they state that designing horse facilities “requires special attention to the little details that will ensure 
the safety and well being of the facility’s equine inhabitants.” 61 Stable Wise offers a number of set 
barn and shed floor plans for purchase. The planning process includes, budget consideration, goal 
setting, and vision of the facility. Horse safety is another big aspect, since horses are “thin skinned” 
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with sensitive bodies and digestive systems. Some important features regarding safety include door 
and aisle sizes, mud management, construction materials, footing, fencing, drainage, and “wiring 
placement and protection.”62 
Lynn Long Planning and Design, LLC, based in Sedalia, Colorado, is a design company 
headed by Lynn Long, an experienced equestrian and designer for “commercial and hospitality 
projects.” She is also LEED accredited in Sustainable Building practices. Her company focuses on 
“specific needs of your type of horses and riding goals, grading and drainage for buildings and 
arenas, different seasonal weather considerations, sun orientation, convenient access for large 
trailers, hay delivery and storage space, manure management, easy access to turnouts, arenas and 
residence, setback requirements and restrictive covenants or regulations - all must be considered and 
balanced.”63 Lynn Long also specializes in equestrian community design. Equestrian communities, 
often combined with golf communities, are created for owners to buy into the community to get a 
share of the amenities. Individual owners are able to keep their horse in a central shared area and pay 
for this share in the price of their home or a membership fee. This means that many of the users of 
the equestrian facilities have different goals and uses for the same spaces.64 Safety is a big issue when 
it comes to horse facilities and this must be considered much more with horse facilities than other 
sport facilities because of the interaction between horses and people and the unpredictability of 
horses, which can lead to human and/or horse injury.65  
 
Specifics 
More specific management strategies such as manure management and water quality have 
been studied in specific to horse properties. The Mission Resource66 has compiled some “best 
management practices for horse properties.” It focuses on equestrian properties in southern 
California and problems encountered due to limited space, climate, and the surrounding 
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environment. Some of the best practices include proper grading, slope management, lined waterways 
to divert water, roof runoff structures, footing to protect erosion and impact, and vegetation. 
Manure management is one big issue that has been studied a lot. Each horse produces fifty pounds 
of waste per day.67 This manure cannot just be left, as it causes water contamination, flies and bugs, 
as well as contaminates the air quality if unattended in confined spaces. Composting manure is a 
great way to manage waste, which reduces flies, has no odor, and produces a natural fertilizer to be 
used in other areas of the facility.68 
 
Interior of Barns 
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Specifics and details are so important in the design of horse facilities especially for the safety 
of the horses and the people. Horse facility design has traditionally been built along the way and 
problems have been solved as issues occurred. More holistic design of properties has become 
specialties of certain designers, yet still it is a small field. Though much of the information regarding 
horse property design and management is opinion based, combining multiple opinions with research 
into specifics such as manure management and water quality, recommendations of best practices can 
be made. Taking research to the next level regarding horse property design and management is a 
task to benefit the future of horse properties.  
 
VII.  INTERVIEWS 
Interview Methods 
In order to identify current issues and methods of water management, I conducted 
interviews of six horse property owners in the Colorado Front Range area. The information 
collected included topics such as water sources, water uses, drainage, and waste management. 
Questions can be found in appendix A. Using a few Google searches for horse properties, horse 
farms, and horse boarding, I collected a list of horse facilities in the area. I defined horse facilities as:  
a facility where the primary use was horses and that boards horses, meaning horse owners pay to 
keep their horse to be taken care of and the facility provides amenities such as riding arenas, 
pastures, stalls, etc. (i.e. not just a family farm). These were the selection criteria: 
 
• Horse facility with 10 or more horses 
• Not a family farm; has boarding 
• Located within 30 miles of Boulder, CO (as addressed by Google Maps) 
• Any amount of acreage 
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Using a spreadsheet with location, distance from Boulder, and acreage, ten facilities were chosen by 
picking various different acreages and different distances from Boulder. Private farms or facilities 
without information online were eliminated. Participants were contacted by phone. Though ten 
facilities were contacted, six participated. Four did not respond to a phone message.  
All interviews were conducted on the participant’s property. I recorded all responses using 
hand notes. Some visual observations of the site were taken as well.  Participant names, farm names, 
and addresses are not included for confidentiality. The interview process is not to single out 
individuals, but rather find overall methods and issues. The goal of this research is to understand 
issues, identify best practices, and help both the future of horse properties and water management. 
The International Review Board for the protection of human subjects, protocol 15-0585, approved 
this research. 
 
Interview Results 
OVERALL PERSPECTIVE 
The overall impression from the interviews was a concern for lack of water and awareness of how 
valuable the resource is. Since the Colorado Front Range has a semi-arid climate, property owners 
understand the importance of conservation and many of the complications of water use in the area.  
One owner stated that their barn teaches kids, who ride show horses, how to use less water when 
washing their horses and why it is important. Other participants commented on the fact that 
generally, farmers work to use water efficiently.  
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WATER SOURCE 
The main sources of water to horse properties in the Colorado Front Range area are: 
• Wells 
• Irrigation ditches 
• City water 
• Other water district companies (ex. Left Hand Water District) 
 
NATURAL WATER 
The majority of “natural” water sources on the horse properties are irrigation ditches, though many 
of these were constructed or modified by humans. Some properties have holding ponds that collect 
runoff and/or overflow from ditches.  
 
WELLS 
Though wells were originally the primary water source for many horse farms in the area, this is no 
longer the case. Often, the wells are too shallow because they were drilled a long time ago and the 
water table has since dropped significantly. This can create issues such as poor water quality or dried 
up wells. Drilling new deeper wells could be an option for some of these farms except new well 
permits are very expensive. Also, the new well would have to be extremely deep, meaning the cost 
would not only be the new permit, but also significant drilling costs. Alternatively, horse properties 
have relied on irrigation ditches and connected to city water where allowable.  
 
IRRIGATION 
In a semi-arid climate like Colorado, fields and landscaping are often irrigated. On horse properties, 
owners often choose certain areas of the property to irrigate because irrigating the whole property 
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would take a lot of water. Some horse property owners have irrigated landscaping on-site to add to 
the feel of the property and value of boarding a horse there. It is also common for owners to irrigate 
the fields if they are used for hay or other crops. Irrigation water does not need to be potable so 
most farms in the area take water from the irrigation ditches for irrigation and landscaping. 
 
IRRIGATION DITCHES 
The irrigation ditches running through a lot of horse properties are manmade ditches to funnel 
water through the land so different farmers and other users can access it. Various ditch companies 
regulate the ditches and control when the ditch is running.  Each ditch has a series of gates and 
meters to regulated the flow and amount taken by shareholders. Owners purchase shares of the 
ditch waters. On some properties, a ditch may run through, but the owner has not purchased any 
shares, so they do not have any rights to the water, even though it is on their site. Other properties 
may have multiple ditches running though the property and have shares in both ditches. The 
amount of rainfall and total available water determines the amount of water that a shareholder can 
take at any point, proportionate to their number of shares compared to the total number of shares 
for that ditch. Another complication with the ditch water is that ditch shares are often 
“grandfathered in,” meaning the shares were purchased a long time ago and passed down through 
the owners. The shareholders who can take water from the ditch first are said to have senior rights 
and this was determined back when the first shares of the ditch were purchased. This means that if 
an owner has junior rights, he or she must wait until all of the senior rights shares are fulfilled before 
the junior rights shares can be taken.  
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DROUGHT/SNOW MELT 
When droughts happen, water in the ditch is restricted and junior shareowners may not have access 
to their shares at all. Snow melt happens in the spring, so the ditch may be opened to let this water 
drain, so there may be a surge of water in the springtime, but then lack of water later in the year. In 
Colorado, combating the unpredictable weather, such as a long drought or heavy rain, adds another 
complication to water management on horse properties.  
 
AUTOMATIC WATERERS 
Historically, horses have been watered through natural water, such as streams or ponds, or through 
water troughs that must be cleaned and maintained frequently. Water troughs are high maintenance, 
especially when water freezes in the winter. Heaters for water troughs or individual buckets are often 
expensive and use excessive electricity. Also, cleaning large troughs means dumping out the entire 
tank, and then refilling it, using a large amount of water. Automatic waterers have solved many of 
these issues. Automatic waterers are connected to a water supply and fill as the horse drinks. 
Automatic waterers can be used in individual stalls, between two stalls, or in larger form in the 
pasture. Often, water heaters are included in the fixture. Automatic waterers also do not need as 
much water to clean because they are smaller. Fresh water comes in automatically, so the water 
generally stays cleaner, unless the horses drop food or manure in it. Five of the six participating 
horse farms used automatic waterers for at least some of the property.  
  76 77 
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RIDING ARENA WATERING 
Riding arenas, or rings, dry out in Colorado and often must be watered to keep the dust down to 
protect the health of horses and humans. Indoor rings often need more watering because they do 
not receive natural rainwater. For example, one property only waters the outdoor rings three times a 
year for horse shows, while the indoor may be watered every few days. The indoor rings often need 
to be watered more often in the winter because they are being used more often.  Two of the farms 
do not water the outdoor rings at all and another only waters the outdoor rings in a drought. A 
different farm waters the outdoor everyday in the summer, but not at all in the winter.  
Footing, the material that makes up surface of the riding rings, is also a key factor in ring 
watering. Most of the participants have sand, dirt, and pea gravel for footing in the outdoors. The 
indoors have various footings, such as river silt, shavings, sand, and rubber. One of the farms has an 
indoor with a additive substance in the footing to keep the dust down, virtually eliminating the need 
to water the ring. The substance contains magnesium chloride and must be applied about twice a 
year. It is an additional expense but it does not freeze in the winter and can reduce water use on the 
property.  
 
WASH STALLS 
The two types of washing areas found at the participant farms were wash stalls in the barn with 
drains to sewer system or an outdoor area that simply drains off. One barn specifically has the 
outdoor washing area raised up so it natural drains off and away from structures. Wash stalls can 
have just cold water or both hot and cold. These wash stalls drain to city sewer or barn septic tank.  
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SEPTIC 
Five of the six participant farms have on-site septic tanks. Often, the barn has a separate septic tank 
from the house. One farm has four septic tanks, one for the house, one for the office, one for the 
wash stall, and one for another shed. Most of these septic tanks are pumped out when full. The 
other farm is connected to city sewer.  
 
MANURE MANAGEMENT 
All of the farms had manure piles on site, but the disbursement of the manure afterwards varied. 
Some of the farms spread it on their fields or their neighbor’s fields. The other four farms have the 
manure hauled away. On one farm, a nearby dairy farm hauls the manure away, while another farm 
pays a company to pick up the manure. This is in contrast to a farm, which sells the manure to 
fertilizer companies, such as Growing Gardens. The last farm has a company that plans to take the 
manure and combine it with organic materials to convert the manure into organic fertilizer, which 
the farm can get back in the future. This is a long breakdown process and is still being established.  
 
ROOF DRAINAGE 
For the most part, the participant properties relied on runoff or gutter systems for roof drainage. 
Three farms had a complete gutter system, while another only has a gutter system on the main barn 
and the small barn had runoff. One farm had mainly runoff, but some short gutters to complement. 
Another farm mostly used runoff, but had tried a gutter system.  The gutters were blown off by the 
wind and torn off by the snow. The gutters also leaked a lot and had to be replaced about every six 
years. There is the possibility of adding a system that breaks up the snow before it slides off the roof 
to limit damage to gutter system. 
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LIMIITATIONS 
There are clear limitations in the interview methods, as only six interviews were conducted. This 
sample size is very low, though I aimed to select a variety of horse properties. Conducting more 
interviews would give a better idea of the common issues and methods used, as well as new 
problems or methods would be discovered. Another limitation is the selection process. I chose 
facilities that came up on a Google search, which may leave out certain horse properties that do no 
yet have a website or are harder to find. Though this is a limitation, I wanted to focus on public 
boarding facilities to get a feel for those types of properties rather than small properties that may 
have less of an impact on water and have less potential for improving the future of horse properties. 
Selection was mostly random, though I was trying to achieve a selection with variety, but I also 
know some of these properties, so that may have created a bias.  
 
VIII.  INTERVIEW ANALYSIS  
Though property owners understood the issue of water management, most are concerned 
with the supply rather than the release. One time use of water is the general assumption. This is a 
limiting factor in water management supply because re-use may be one of the key factors to 
increasing efficiency of water use, especially in semi-arid or arid climates. The Colorado water laws 
definitely play a significant role in water management on horse properties and sometimes this creates 
a blurry line of what can be achieved and what cannot. Ring watering, wash stalls, and manure 
management are all areas that have opportunity for improvement for efficiency and drainage. 
Manure management is one aspect that generally pushed off-site by having manure hauled away, but 
there could be development in this area of composting and careful consideration of where 
contaminants from the manure goes. One of the most important issues is the quality of the water 
leaving the properties, which has a lot to do with drainage, currently mostly runoff or a septic tank 
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for wastewater. There are opportunities for filtration to improve the water quality of the runoff and 
wastewater leaving horse properties. I think that the key to supporting horse properties with regards 
to water management is to think outside of the traditional strategies and look for every opportunity 
to re-use and improve water quality on the site and downstream.  
 
IX.  MY SITE 
I chose a site to use as a model property to propose implementation of best practices of 
water management on an actually property in the Colorado Front Range region. The site chosen is 
11.3 miles from Boulder, Colorado, in Broomfield County, Colorado. This property is currently a 
horse facility that has been recently purchased. Located on thirty-five acres, the property has ten 
horses residing there with one large shed, a few small sheds, and the home of the owners.  
Though the site is located in a relatively rural area, urban encroachment exists all around the 
site. Four different Denver suburbs, Louisville, Superior, Lafayette, and Broomfield, closely 
surround the site. With Denver expanding rapidly, this means development is increasing in this area, 
which means more water demand, threatening rural areas such as my site.  The site is located in 
Broomfield County, but the country line comes up and around the site, so most of the land around 
the site is in Boulder County. This Boulder County land is open space land, meaning it cannot be 
developed. My site itself has a conservation easement on it, which protects it from being developed 
as well.  
Water runs through the site almost all year round through the Goodhue ditch, which carries 
both Goodhue ditch water and Farmers ditch water. This ditch runs through the site, across 104th 
street, and into Sterns Lake, a basin in the area. There is a trailhead and access to five miles of Rock 
Creek trail plus access to more trails from the Sterns Lake Trailhead, just across the street from my 
site, which allows horse owners to connect to riding trails right from the site.  
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Existing Conditions
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Context Map 
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Site Program 
The owners are looking to expand the uses of the site to create an active equestrian boarding facility 
with the following amenities: 
Capacity of up to 40 horses 
Barn for 20 horses with runs attached to the stalls 
One indoor 
Two outdoors 
Round pens 
Perimeter riding trail  
Parking and trailer parking 
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X.  MASTER PLAN  
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Precedents 
78, 79, 80, 81, 82, 83, 84, 85 
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X.  EXPLANATION OF DESIGN 
Units of Measure and Conversion Rates: 
1 acre = 43560 square feet = 4047 square meters = .4047 hectares 
1 hectare = 100 ares = 2.471 acres = 10,000 square meters 
1 gallon = 3.785 liters = 231 cubic inches = .1337 cubic feet 
1 acre-foot = 325851 gallons  
1 kilogram = 2.205 pounds 
 
Entrances 
The entrance to the house is located in the northeast corner of the site. This is entrance is intended 
to be private, while the public entrance is located on the other side of the other horse facility that 
sits in the middle of my site. The public entrance already exists, but would be developed to be 
welcoming and more formal with trees lining both sides, but then opening up as one moves into the 
site. A sign at the public entrance will give character to the place and introduce the style of fencing 
used throughout the site.  
 
Barn & Property Layout 
  
There are 20 stalls in the barn, each 12’ by 12,’ a typical horse stall size. There is a tack room for 
equipment storage that is 24’ by 12’ and a wash stall that is 12’ by 12’ as well. Four grooming areas, 
an office, a bathroom, and a storage room are also located in the barn. The indoor includes an 
indoor riding ring, with a viewing area, plus a waiting area on each end and a storage area for jumps. 
Two large outdoor arenas, one 100’ by 200’ and the other, 150’ by 200,’ provide outdoor places to 
ride. The larger of the two is designated to allow jumping and has a storage shed to hold the jumps 
adjacent to it. Driveways or paths provide access throughout the site and connect to the house area 
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as well as across the steam to access the pastures on the south side of the site. Small paddocks allow 
for variety of turnout spaces and three round pens provide additional horse exercise spaces. A 
perimeter path allows boarders to ride all around the side and also connect across the street to Rock 
Creek Trail, where they have access to five miles of horse trails.  
 
 
Stall Flooring 
 
When a horse is kept in a stall for any length of time, the material they are standing on is important 
to the health of their legs and feet. Stall flooring also affects drainage, depending on if the material is 
porous, allowing moisture to drain through, or impervious, allowing moisture to run off and collect 
to drain off.92 I chose clay flooring mixed with fine stone dust to prevent slippage and over packing. 
Clay is a porous surface if not packed too tightly, so urine can drain through and start the filtration 
process underneath the stall rather than draining it away. This means that the wastewater is already 
being filtered through the system before draining to the biofiltration ponds, where it is filtered more.  
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Ideally, pervious rubber stall grid matts would be placed in each stall to keep the stall level 
and add cushioning and stabilization to the clay, but these add a significant extra expense. With 
gridded stall matts, it is harder for the horses to paw into the clay, so the flooring does not have to 
be leveled and filled, reducing maintenance. Using a gridded stall matt still allows for moisture to 
drain down through the flooring.93 
A base of sand and gravel will be used under the flooring for filtration. A suggested structure 
is to have compacted subsoil, then a later of gravel, followed by a layer of pea gravel, and finally the 
clay and stone dust flooring.  
 
 
Aisle flooring 
Textured rough concrete is used for the barn aisles to provide a durable impervious surface in these 
high trafficked areas.94 An open grated drain system is located along the sides of the aisles, just in 
front of the stalls. This prevents hay and other common materials from clogging the drains. The 
water in these drains is carried out of the barn into a gravel and sand drainage area. Matts can be 
used as cushioning in areas where horses may be standing for a significant period of time, such 
grooming areas.  
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Wash Stall  
The flooring is also textured rough concrete, but a texture rubber matt adds comfort and traction to 
the area where the horse is standing. A drain is placed along the back of the wash stall to avoid high 
traffic over it, which leads to clogging. The drain releases water into a filtration field, with layers of 
sand, pea gravel, and gravel that then lead to a perforated pipe that carries water into the site 
drainage system. See figure in Stall Flooring above, but the top surface is concrete with a drain.  
If estimated that a typical horse washing takes 20 gallons for a entire washing,95 sometimes a horse 
may just be hosed down after a ride, which would use less water. Some horses, such as show horses, 
will be washed a lot and other horses, may only be washed once or twice all summer. If an estimate 
of 1 wash per horse per month occurs in the three coldest months, while an estimate of 4 washes 
per horse per month in the nine other months. The estimation for washing water is 31200 gallons 
per year for forty horses based on typical water usage.  
 
Cold Months (3 months):  20 gallons/wash * 1 wash/horse/month * 40 horses = 800 gallons 
Warm Months (9 months):  20 gallons/wash * 4 wash/horse/month * 40 horses = 3200 gallons 
Total:  (800 * 3 months) + (3200 * 9 months) = 31200 gallons 
 
Ring Footing 
The footing in the two outdoor rings consists of loose sand and pea gravel, plus filtration layers of 
sand, gravel, and perforated drainage pipes below. Railroad ties are placed around the perimeter of 
the outdoor riding rings to keep footing from spilling out and washing away. The indoor arena is a 
sand and soil mix. In order to nearly eliminate watering needs of the indoor riding arena, a substance 
such as Arena Dust-B-Gone96 or the like is used.  
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Ring Watering 
The recommended formula for ring watering usage is: 97 
Arena square footage * .07 = # of gallons per watering 
(100ft*200ft*.07) + (150ft*200ft*.07) = 1400 + 2100 = 3500 gallons for both outdoors 
 
No watering of the outdoor arenas occurs during the cold months (3 months) due to 
freezing risk and low use. During the spring (3 months), due to snowmelt, the outdoor arenas need 
an estimated 1 watering per week. During the summer months (3 months), they need an estimated 
maximum of 3 waterings per week. During the fall months (3 months), they need an estimated 
maximum of 2 waterings per week.  
 
Winter (3 months):  0 waterings = 0 gallons 
Spring (3 months):  1 watering/week * 12 weeks * 3500 gallons/watering = 42000 gallons/yr. 
Summer (3 months):  3 watering/week * 12 weeks * 3500 gallons/watering = 126000 gallons/yr. 
Fall (3 months):  2 watering/week * 12 weeks * 3500 gallons/watering = 84000 gallons/yr. 
Total:  252000 gallons/yr.  
 
Driveway material 
The “driveway,” or general vehicle path through the site is made of road base, or compacted gravel, 
which creates a stable base with minimal material shifting.98 The parking spaces along the driveway 
are loosely packed road base to allow for ample drainage. The driveways are outsloped, following the 
natural contours of the site, to allow water to flow over with little maintenance.99 Railroad ties are 
used to boarder the parking lot spaces and prevent road base from being washed off.   
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Trailer Parking 
Since the primary focus of the site is for the boarder experience, not for shows and visitors that 
would trailer in, truck and trailer parking will not be provided along the main driveway through the 
site. Instead, space on the grass near the outdoors will be designated for trailer parking during the 
possible event, such as a show or clinic. 
 
Fencing 
Pasture fencing along with the fence along entrance is a dark wood three rail fence with the option 
to put electric wire along the top for use in the pastures. The fencing keeps the feel of a traditional 
horse farm, but also aligns with the character of the railroad ties along the parking spaces, both 
creating a consistent wood color and texture throughout the site. The same fencing will be used for 
the pastures, paddocks, and outdoor arenas.  
 100    101 
 
 102 
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Pastures 
Currently, the location of the pastures on the North end of site is hay fields in the summer and a 
pasture in the winter. Since this area currently has grass, ideally this grass in the new paddocks is 
preserved by pasture rotation and designated resting periods for each pasture. The pastures on the 
south end of the site need to be reseeded, as horses have beaten them down in the past years. If 
these pastures are reseeded, pasture rotation and resting periods will also be necessary to keep the 
vegetation from being eliminated. Pastures on rest should get 3-4 weeks off. During the time off, the 
manure should be spread out to destroy parasites by exposing them to the sun plus help fertilize the 
pasture. Mowing the pasture can also help regeneration. Pastures should also be protected by not 
putting horses on them when the conditions are wet.103  
 
Capacity  
Capacity of horses is not something that Colorado regulates to a great degree. Legally, the amount of 
horses allowed on the site is 87. This would be about 2.5 horses per acre if only horse pastures made 
up the entire site. The owner is looking to expand to hold up to 40 horses. Although the 
recommended horse density rule of thumb is one horse on one acre,104,105 this recommendation is 
generally used for horses just kept on pasture and for the pasture to hold up with little maintenance. 
Capacity can be increased, but this means environmental impacts must be considered, such as 
vegetation degradation and increased nutrient loading. If there are two rotations of 8 horses on 8 
acres of land, with 2 acres of pasture resting, the total is 16 horses on pasture. If there are three 
rotations of 8 horses on 8 acres amount of land, with 2 acres still resting, the same environmental 
impact occurs. Another configuration is to have 20 horses in the barn in stalls with runs and 20 
horses kept in the paddocks, then there could be turnout options in the pastures, keeping the 
pastures preserved.  
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Capacity is a debatable topic with horse properties, but they importance to this project is its 
effect on water quality. Overloading pastures with too many horses, destroying all vegetation and 
creating excessive nutrient loading, is not a sustainable method. Using proper manure management 
techniques in conjunction with pasture rotation to regenerate vegetation and soil is recommended.  
 
Paddocks 
Paddocks are areas for horses to be turned out so they can get exercise. They are often used for 
horses that are kept in a stall for most of the day. Paddocks usually get worn down, so these areas 
have little to no vegetation. Keeping horses in paddocks when pastures are resting helps to protect 
pastures from being destroyed. It is recommended to have a minimum size of 600-800 square feet 
per horse.106 
 
 
Run-in Sheds 
Run-in sheds are placed in each pasture for protection from wind, snow, and ice. They are placed off 
of the fence so that if the wind is coming from an unusual direction, the horses have the option to 
stand behind the shed as well.  
 
Hay/Feed/Bedding Storage 
Hay and bedding can be a fire hazard, so storing it separate from the barn is a good practice. Since 
the owners would like the current hay fields to be used for pasture, rings, and other uses, hay will be 
purchased like bedding, so there must be service access to the storage shed to deliver hay and 
bedding in large loads.  
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Access to Riding Trails 
The third access to the site from S. 104th street is gated and located south of the retention pond. 
Through this gate, riders will have access to the Sterns Lake trailhead, which connects to the Rock 
Creek trail, five miles of horse accessible trail.  
 
Ditches 
The Goodhue ditch runs through the southern portion of the site. The ditch diverts into a holding 
pond that has been grandfathered into the site, allowing the owners to hold their water shares on 
site. The Farmers ditch also runs into the Goodhue before entering the site, meaning if the owners 
call for the Farmers ditch water, it will come down the same ditch. The difference between the two 
ditches area the companies that run them and the sources of water. The Goodhue ditch relies on 
snowmelt and runoff from South Boulder Creek, so this ditch primarily supplies water in the spring, 
while the Farmers ditch is supplied by Marshall Lake and can be used throughout the summer. The 
owners have 14 shares of the Goodhue ditch and 2 shares of the Farmers ditch. For the one year, 
they have had the property, they used about 8 million gallons of water from the ditches, though 2-3 
million gallons is used to “wet the ditch,” meaning to release enough water through the ditch in 
order to flush out dirt and materials that have settled in the ditch when it is not running before the 
water is ready to take for use.  
On my site, the owners can call the Farmers ditch company to have them release the water 
to either the North or the South half of the site.  If the water is released into the north portion of 
the site, there is a ditch that runs along the backside of the current hayfields that can be used for 
flood irrigation of that section of the site through designated drainage patterns. If the water is 
released into the south portion of the site, the water runs down the Goodhue ditch and can be 
diverted into the pond through a gate release. The owners call for water about 10 times year, 
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amounting to about 120 acre-feet of water from the ditches, the amount allowed for their shares 
varies year by year with water availability. 
 
Pond  
Currently, the pond averages about 2ft deep and has an approximate area of 36,000 square feet, 
meaning a total volume of 72,000 cubic feet or 538,632 gallons. The pond could be dug deeper to a 
maximum depth of 6-8 feet. If this happened, with an average depth of 5 feet, the pond could hold a 
total of 1,346,580 gallons.  
 
Well 
The well is located just south of the house on the site. The well permit includes uses for the house as 
well as for the rest of the site. Currently, the well pumps at 10 gallons per minute. The power of 
pump is limiting, allowing for estimated pumping distance maximum of 400 feet from well.  
 
Water for Horses (Barn) 
Automatic waterers, each serving two stalls and placed in the wall between the stalls, provide the 
water for the horses in stalls in the barn. The automatic waterers are on a pipe system that is 
connected to the combined supply from the pond and/or rainwater. The used water flows into a 
pipe system that releases into the bio-filtration ponds.  
 
Water for Horses (in Pastures and Paddocks) 
Solar water pumps from the pond pump water into the automatic waterers placed in each paddock 
on the south side of the site. A storage tank placed on the northeast portion of the side is filled from 
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the irrigation ditch and then the water uses gravity flow to supply drinking water for the horses in 
each of the pastures on the north side of the site and the paddocks. Water from the well can be 
pumped into a portable tank as backup and hauled to the pastures and paddocks when drought 
conditions occur and the irrigation ditches and pond do not provide enough water.  
 
Rainwater harvesting 
Rainwater harvesting in Colorado was made legal in 2009, but only under specific circumstances (see 
Water Law). Since my site is connected to a well system that allows for domestic and farm use, plus 
the site is not hooked up to municipal water, rainwater harvesting can happen on this site. Amount 
allowed is 80 acre-feet each year, amounting to 26,068,114 gallons per year.107 Owners are allowed to 
have a 100-gallon tank to collect and store rainwater.108 
 
100 gallons = 13.37 cubic feet 
Rainfall each year (Broomfield, Colorado) = 14.3 inches per year 109 
73 days of precipitation 
5-10 gallons per 1000 square feet of roof area should be diverted into a first-flush diverter110 
 
The barn roof provides approximately 12,000 square feet of catchment area. As an estimate, 
if there is .196 inches of rain at a time (14.3 inches per year/73 days of precipitation), then the total 
volume of water potentially collected in one rain event is 196 cubic feet, or 1466 gallons. 60-120 
gallons should be diverted, leaving a catchment amount of 1406-1346 gallons for each rain event. 
This is a rough estimate, as rain events vary greatly from year to year and amount varies greatly. The 
total storage tank allowed under Colorado law is 100 gallons, so using the barn roof as the 
catchment area is more than sufficient. This poses an issue because the amount of water that could 
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be captured is much more. It makes sense that there are restrictions on amount to capture, but in 
the case of my design, water uses that would use rainwater would later be filtered through bio-
filtration and released at a high quality.  
 
 
 
Riparian Buffer 
A buffer of 50 feet around riparian areas, the stream and pond, are left to protect stream quality, 
help bank stabilization, and create wildlife and vegetation areas.  
 
Nutrient Management 
Horses, as with other livestock, contribute nutrients to the pastures and soils where they reside. 
These nutrients, primarily Nitrogen (N) and Phosphorus (P), cause excess sedimentation and 
contamination in streams, harming the ecosystem. Nutrients build up in horse paddocks because the 
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plants are not harvested, but instead eaten by the horses and then put back onto the soil by 
excretion.111 Different nutrients in runoff require different processes to remove them from the 
water. Some processes convert nitrogen forms into other forms, and it then needs to be removed. 
For example, ammonia volatilization, which happens best with open water with algal growth that 
raises the pH of the water up high during the day, turns nitrogen into ammonia, which can be 
filtered out of the water through plant update, absorption, or other processes.112  
Wetlands are a simple and relatively easy to manage solution to filtering out nutrients and 
improving water release quality.113 Using a hybrid wetland system combines the vertical and 
horizontal flow wetlands to maximize the nutrient removal from the wastewater.114 Processes in 
these wetlands include sedimentation, filtration, precipitation, sorption, plant uptake, and microbial 
decomposition. “The rates of these processes may vary in time and space, and depend on many 
factors such as the organic surface loading rate, the depth of the water and the availability of 
electron acceptors.”115 Though high salinity is caused by agricultural irrigation, wetlands can decrease 
the salinity, which increases pH, which allows for better P sorption.116 In a study, nutrient removal 
increased from 10-20% the first year to 40-50% the second year and the wetlands are predicted to 
increase in efficiency more as they develop.117 In Sweden, estimates of nutrient runoff from horse 
paddocks was 1.2 kg of TP and 95 kg TN per hectare per year.118 One test of wetlands that covered 
1.4% of the catchment area and got results up to 50% of N removed, so an area that is 3% of 
catchment area would be a good estimate for required size of wetland area to remove most of the 
N.119 
The total nutrient estimate on the site per year is: 
1.2 kg/hectare * (10 acres/(2.471 acres/hectare)) = 4.856 kg per year of total Phosphorus 
95 kg/hectare * (10 acres/(2.471 acres/hectare)) = 384.5 kg per year of total Nitrogen 
On my site, this translates wetland area of 45738 square feet, or 1.05 acres.   
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Bio-filtration Pond System 
The bio-filtration pond system on the site is designed to absorb and break down nutrients and 
contaminants. The system is made up of a series of bio-filtration ponds, leading to a final pond, 
which is the current on-site pond. The ponds are intended to slow down the water release process, 
allowing plants to filter the water, making the water better quality as it flows through the ponds. 
Slowing the water flow also allows for more infiltration into the ground. Vegetation is selected 
specifically for absorbing nutrients. In areas of the Colorado foothills, where water levels are higher 
in the spring and then taper off by the end of the summer, cattails and bulrushes are recommended 
around edges of ponds.120 Areas that get high amounts of water during the spring, such as in the bio-
filtration ponds, should have sedges and rushes. Floating vegetation in ponds also adds to the overall 
system.121 Cottonwoods and willows vegetate the areas around the ponds that are usually dry 
throughout most of the summer.122 
 
Water Drainage Crossing 
A “water bridge” is used to transport the filtered water from the biofiltration ponds across the ditch 
and into the large retention pond on the site. This means that water that is filtered then settles in the 
final pond before being drawn out of for use on the site. This bridge doubles as a crossing for 
people on the site to explore the natural areas on the site.  
 
Manure management 
A 1000-pound horse produces 31 pounds of manure and 2.4 gallons of urine per day.123 Manure on 
pastures is spread out. The manure from paddocks and horse stalls is removed and composted on 
site.  
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Demand & Supply 
The demand of horse properties is higher in the summer than in the winter because this is 
the prime season for riding and showing. One of the issues with this is there is more water in the 
spring in Colorado and it tapers off in the summer. Since the Goodhue ditch is only available in the 
springtime, with water from snowmelt, so filling the pond on the south side of the property and a 
storage tank on the north side will hold the owners shares to be used over the course of the year.   
Forty horses use only an estimated 480 gallons per day for simple care and drinking water. 
This is not a large amount of water, but the other aspects that go along with horse facilities can add 
up. To water both outdoor arenas (suggesting minimal to no watering of the indoor arena due to 
footing additives), it takes 3500 gallons of water for one watering. This is a much larger amount of 
water than the horses need, but yet the rings do not need to be watered every day. During peak 
summer riding season, also dry season, the estimated amount of water used for arena watering per 
month is 42000 gallons, while the horses still only consume 14400 gallons per month. This is 
significant because though many farms could use potable water, such as from a well or city water, to 
serve this large amount of water, the water put on the rings does not need to be potable and 
therefore can easily come from the filtered pond water or the ditch water on my site.  
 Water used for horse washing, if used properly (e.g. turning of the hose when not being 
used), uses about 20 gallons per washing, though rinsing off horses, could take much less. Washing 
water could be a use that uses reused horse drinking water for example, though it may need to go 
through a filtration system, but this means new water would not need to be pumped in for washing 
purposes. Rainwater could also be a supplementary source for horse washing because of the low 
demand for water.   
Currently, as the Colorado water law permits, rainwater can only be collected in a 100-gallon 
storage tank. Estimating two rainfalls a month from March through October, that only allows for 
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200 gallons of water per month provided by rainwater.  Considering that the limit is not on the 
amount of rain, but rather the size of the tank, the potential for a change in the water law would be 
beneficial supplementing water use. These kinds of changes are being explored currently in the state 
of Colorado. To decrease the demand for fresh water consumption, greywater reuse is also being 
developed in Colorado and could be very beneficial to horse properties since not all uses need 
potable water.  
Note: all estimates based on the maximum number of horses desired by owner = 40 horses 
 
DEMAND 
(gallons) 
J F M A M J J A S O N D 
# horses 40 40 40 40 40 40 40 40 40 40 40 40 
Water/ 
horse/day 
12 12 12 12 12 12 12 12 12 12 12 12 
Horse water 
demand/ 
day 
480 480 480 480 480 480 480 480 480 480 480 480 
Horse 
water 
demand/ 
month 
14400 14400 14400 14400 14400 14400 14400 14400 14400 14400 14400 14400 
Horse 
washings/ 
month 
40 40 40 160 160 160 160 160 160 40 40 40 
Water/ 
washing 
20 20 20 20 20 20 20 20 20 20 20 20 
Washing 
demand 
800 800 800 3200 3200 3200 3200 3200 3200 800 800 800 
# of ring 
waterings/ 
month 
0 0 4 4 4 12 12 12 8 8 8 0 
Water/ 
watering  
3500 3500 3500 3500 3500 3500 3500 3500 3500 3500 3500 3500 
Ring 
watering 
demand 
0 0 14000 14000 14000 42000 42000 42000 28000 28000 28000 0 
TOTAL/ 
YEAR 
15200 15200 29200 31600 31600 59600 59600 59600 45600 43200 43200 15200 
             
SUPPLY 
(gal.) 
J F M A M J J A S O N D 
Well (ideal) 0 0 0 0 0 0 0 0 0 0 0 0 
Goodhue 
ditch 
X X Avail. Avail. Avail. X X X X X X X 
Farmers 
ditch 
X X Avail. Avail. Avail. Avail. Avail. Avail. Avail. Avail. Avail. X 
Rainwater 0 0 200 200 200 200 200 200 200 200 0 0 
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XII.  APPLICATION 
The idea of this design is to depict one version on an ideal water treatment and management 
on a horse facility. This project is not saying that every farm should follow these steps, but instead 
that parts of this “ideal” farm and water use and management can be applied in many different 
applications and that in some locations and instances, some methods may be more logical than 
others. The goal is to show how well water can be managed and that it can help the owners, the 
users, and the water system in the region.  
The direct applications of my designs are to be applied in full or in part to horse properties, 
specifically in the Colorado Front Range region, in order to benefit horse properties as well as 
address issues related to water management.  Horse properties vary drastically, so it is necessary to 
look at each site individually.  The case site is purely for research purposes and serves as a realistic 
site that could be designed on.  More importantly, the site gives actual circumstances to work with in 
developing solutions, but also the process of arriving at these solutions can be applied to many types 
of agricultural sites.  My solution is not an “accept-all” strategy.  An owner working to make their 
horse property more sustainable would be able to implement just one strategy at first on their site 
and then add more as money and time allows.  The owner may just adopt one strategy to add to 
their already very efficient systems.  Other owners may completely redevelop their water 
management system on the site.  Some strategies will not make sense in certain locations or 
circumstances at all.  I want my solutions to be versatile and adaptable, so that it is very usable and 
practical.  If the solution is presented in a way that is intimidating, that this is the only way to go, the 
methods will not be adopted at all and horse property owners will feel threatened by my design.  
This is the complete opposite of my intentions, as I want to highlight current practices that are 
already being used and connect them with each other and some even more efficient and creative 
solutions to water management and re-use issues.  
	   60	  
Though water management in agriculture is a large subject and my research will not be 
applied to agricultural in general, there are many aspects and findings that can better the 
understanding and management of water management in agriculture.  I will be looking at one small 
part of agriculture, where my strengths lie, but the process and findings should be looked at by 
disciplines in environmental design, environmental studies, geography, and land management.  
 
XIII.  CONCLUSION 
The small-scale project on a horse property allows me to focus in and identify issues in water 
use and management. A lot of these issues and solutions can apply to similar horse facilities as well 
as other agricultural uses, such as livestock farms.  
 
1. Demand 
The demands for water on a horse property are horse drinking water, horse washing, facility cleaning 
and maintenance, irrigation, and riding ring watering. Though there may be assumptions that horses 
use a lot of water, forty horses on this site would only use an estimated 480 gallons of water per day. 
This is just slightly more than the estimated use of a four-person household, which is 400 gallons of 
water per day. Other uses on horse properties contribute to the overall water demand of the site.  
PROPOSAL: I am not proposing to lower the water demand necessarily, but rather increase the 
efficiency of water used on the site by re-using some water so that water demand is the same, but 
the amount used is not as high because it is used multiple times.  
 
2. Supply 
Water supply sources on horse properties in the Colorado Front Range area include wells, city water, 
irrigation ditches, and more recently, rainwater. The water supply in the Colorado Front Range 
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region is uneven throughout the year, increasing in the spring due to snowmelt and lacking in the 
summer due to the semi-arid climate.  
PROPOSAL:  My proposal uses the supply to the property to its best efficiency by using automatic 
waterers, collecting and storing water shares from ditches to use throughout the year, and collecting 
rainwater.  
 
3. Process 
The processes on site include drainage patterns, capturing water, and filtration. Ditches and 
gradually sloping land dictate the drainage patterns currently on site. The stream through the site is 
unprotected from the horses and the land is beaten down, meaning water flowing off the site goes 
through little filtration.  
PROPOSAL: The on-site processes are crucial to the water management plan. In my design, I 
propose first, that water allocated to the owners be diverted into the pond and a storage tank. 
Second, and more importantly, is that the water used on the site is collection and diversion into bio-
filtration ponds.  
 
4. Release 
Release water is the water that drains off or runs through the site and flows off the site to continue 
to other sources and properties. The quality of this water is very important because it affects the 
water supply of downstream users and ecosystems downstream. 
PROPOSAL:  A series of filtration ponds with native nutrient absorbing vegetation slows down the 
water release so that water release quality is higher. Instead of horse properties increasing sediment 
and nutrients in the water, my proposal decreases the nutrients and sediment, increasing the water 
quality leaving the property, which serves other users.  
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 Horse properties should not be driven out by urban growth. As part of the American 
landscape, horse properties serve as recreational, outdoor facilities for children, adults, and families 
alike. These properties can be small and close to urban living and through my proposal, horse 
properties can be water efficient and filtrate water and help protect the overall water ecosystem with 
wetland areas and vegetation. By looking at horse properties in a new light, it is clear to see that the 
future of horse properties could thrive while benefiting their environment.  
 
Next Steps 
To take this research further, more interviews would need to be conducted.  More detailed research 
in water management use methods would be able to apply advanced technology and a better 
understanding to further improve the design. Making contact with water conservation groups and 
individuals would help to understand current issues and advancements and how this knowledge 
could be applied to horse properties. Though the focus of this research is to understand how to 
better improve water management and the future of horse properties, a similar approach could be 
taken to other agricultural facilities, as agriculture is such a larger user of water. Since water is a 
highly valued resource and even more in drier places like Colorado, further research to lead to a 
cleaner, more efficient future for water use in agriculture and horse properties would benefit water 
as a resource and the future existence of these properties that are currently threatened by urban 
growth and sprawl.  
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XIV.  APPENDIX 
 
A. Interview Questions 
Is there natural water on your property? 
 
Do the horses or any animals have access to natural bodies of water? If so, how much? 
 
How much water do you use? Per year, per month, per day?  
 
Is water use monitored?  If so, how and by who? 
 
What types of water systems do you have on your property? 
 
Are there any issues you have found with any of the water systems on your property?  
 
How do the horses get water? Automatic, heated, stream, buckets, hoses, etc? 
 
Where does your water come from? City, well, other water source? 
 
What are the water laws that apply to your property? Do any of these benefit you and/or 
cause you any issues? 
 
Are the rings(s) watered?  If so, how often? How much water does it take? What is your 
method? What material is the flooring and is there a drainage system? 
 
What are other water uses on your property? 
 
Where is manure disposed?  Is it located near water sources? 
 
Is there a washing area? Where does the water go? 
 
Are there any drainage issues? 
 
What kind of sewer system is there? 
 
Does a roof drainage system exist? 
 
Any additional comments on water use, re-use, or management that you would like to share? 
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B.  Water Flow Diagram 
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